ABSTRACT.-We examined banding encounter records from 1920 to 2006 for three raptors that are commonly banded in North America: American Kestrel (Falco sparverius, 4707 encounters), Sharp-shinned Hawk (Accipiter striatus; 5256), and Cooper's Hawk (A. cooperii; 3848). We selected birds banded during summer or autumn migration and encountered during winter to investigate movement distances and winter latitudes by sex, age, year banded, banding latitude, and flyway. Female American Kestrels migrated farther than males, but travel distances did not vary by age. Distance moved to wintering sites declined with encounter year for American Kestrels, suggesting that migratory short-stopping may be occurring across North America. Movements of the three species typically showed a chain migration pattern; however, female American Kestrels from the most northern latitudes demonstrated a leapfrog pattern, moving beyond mid-latitude birds to more southerly wintering latitudes. Female American Kestrels and Cooper's Hawks moved farther than males, whereas Sharp-shinned Hawk migration distances did not vary by sex. Hatch-year Sharp-shinned and Cooper's hawks moved farther than after-hatch-year birds, whereas no age difference was observed for American Kestrels. For all three species, northern-latitude birds moved farther than mid-or low-latitude birds, and low-latitude birds appeared to be largely resident. Distances moved also varied by flyway for both accipiters.
Banding has been an important tool in studies of the movement ecology of raptors, including their migrations, since the early twentieth century (Clark 1985 , Gauthreaux 1985 , Schmutz et al. 1991 , Hoffman et al. 2002 , Smith et al. 2003 , Goodrich and Smith 2008 . From 1955 From -2000 , 1 022 640 United States Fish and Wildlife Service (USFWS) bands were placed on raptors of 34 species in the United States and Canada (Bildstein 2006) . Approximately 3% of banded raptors subsequently were found dead, recaptured, or resighted (Bildstein 2006) . Of the 34 species of North American raptors banded from 1955 to 2000, the four most commonly banded species were the Sharpshinned Hawk (Accipiter striatus; 341 718), American Kestrel (Falco sparverius; 213 050), Red-tailed Hawk (Buteo jamaicensis; 133 770), and Cooper's Hawk (A. cooperii; 68 606). Together, these four species made up nearly 75% of all banded raptors in North America (Bildstein 2006) .
Among the species commonly banded in North America, encounter rates range from 1% for Sharpshinned Hawks to 5% for Red-tailed Hawks (Bildstein 2006) . Encounter rates were higher prior to raptor protection, as many banded birds were shot (15-25%; Robbins 1986) . Because large carcasses are found more easily than small ones, encounter rates usually depend on the size of the banded bird. Among raptors with a high degree of sexual size dimorphism, encounter rates tend to be higher for females (Clark 1985 , Hoffman et al. 2002 .
Autumn migration patterns often are characterized as either chain migration, in which populations at different latitudes migrate the same distance southward, thus preserving their latitudinal relationship with one another, or leapfrog migration, in which high-latitude populations migrate farther south than lower-latitude populations, effectively ''leaping'' over them (Salomonsen 1955 , Holmgren and Lunkberg 1993 , Berthold 2001 , Smith et al. 2003 , Newton 2008 . In North America, some species of raptors have exhibited migratory shortstopping, a phenomena in which distances traveled south in autumn have declined over time (Duncan 1996 , Viverette et al. 1996 . Climate change has been hypothesized to cause changes in migration timing and may be affecting migration travel distance for some species (Miller-Rushing et al. 2008 , Newton 2008 , Niven et al. 2010 , Rosenfield et al. 2011 .
We studied encounter locations for three of the most commonly banded species in North America for the period 1920-2006: American Kestrel, Sharp-shinned Hawk, and Cooper's Hawk. We focused on winter encounters of American Kestrels banded during summer and Sharp-shinned and Cooper's hawks banded during summer and autumn migration to bolster the sample sizes for the accipiters. Our objectives were to investigate (1) sex-and age-related differences in distances moved between summer and winter ranges; (2) regional differences in migration distances and wintering latitudes, and (3) changes in migration distances and wintering latitudes over time.
METHODS
We obtained banding and encounter records for 1920-2006 from the USGS Bird Banding Lab (BBL) in Patuxent, Maryland. Throughout this paper, we refer to any reporting of a previously banded bird as an encounter, encompassing three categories outlined by the BBL (Gustafson et al. 1997) : recovery (encounter of a dead bird), return (resighting or recapture in the same 10-min latitude-longitude block as the banding location), and repeat (recapture or resighting in different 10-min block than banding location). We defined four banding seasons corresponding to the life cycle of the birds: summer (11 May-31 August), autumn migration (i.e., outbound; 1 September-30 November), overwintering (hereafter winter; 1 December-9 March), and spring migration (i.e., return; 10 March-10 May). We excluded records where the encounter date was unknown. To investigate differences in migration distances related to longitude, we divided encounters in North America into eastern (#79uW), central (80-100uW), and western (.100uW) continental regions or ''flyways'' (Goodrich and Smith 2008) . We estimated latitudinal distances traveled between banding and encounter locations (in degrees; accuracy 610 min) as the difference in the location latitudes reported by the BBL.
We compared variation in migration distances and wintering latitudes in relation to sex, age, banding latitude, flyway, and encounter year. For both Sharp-shinned Hawks and Cooper's Hawks, sample sizes of birds banded during summer and encountered in winter were small (n 5 22 and 293, respectively). Because of this, we included in our analyses for these two accipiters the records of birds banded during autumn migration. We used general linear models (GLM) to examine differences in migration distances and wintering latitudes in relation to age (hatch-year [HY] or after-hatch-year [AHY]), sex, and flyway as categorical explanatory variables, and banding latitude and encounter year as continuous covariates. We also evaluated the interactive influence of age and sex, but did not consider additional interactions in our models due to the modest number of encounters. We used Fisher's least significant difference (LSD) tests to confirm differences among flyways following demonstration of a significant main effect. We considered P # 0.05 indicative of a significant result. We present results as least-squares means 6 SE throughout. We compared movement patterns across North America by grouping data into 5u-latitude blocks based on From 1920 From -2006 American Kestrels were banded during summer and subsequently encountered during winter. Of these, 41% (262) were banded in eastern, 40% (255) in central, and 18% (115) in western North America. Twenty (3%) kestrels were recovered south of the United States during winter, 11 (55%) of which were banded north of 45uN latitude.
The GLM revealed significant influences of sex, banding latitude, and encounter year on distance traveled, but migration distances did not vary significantly by flyway or age, and there was no interaction of sex and age (Table 1 ). Female kestrels migrated 1.5-2 times farther south in winter than did males (Table 2) ; however, the difference increased among birds banded farther north and was evident only for birds banded above 40uN latitude (Fig. 1 ). Migration distances declined by an average of 2u of latitude for every 5u reduction in banding latitude; however, it appeared that most birds banded at latitudes below about 35uN moved little (Fig. 1 ). Western birds moved slightly farther (3.5 6 0.6u latitude) than central (3.1 6 0.4u) and eastern birds (3.0 6 0.4u) but the difference was not significant (Table 1 ). The distance moved by American Kestrels declined by an estimated 0.35u of latitude per decade or about 3u of latitude over the 86-yr study period.
The GLM revealed significant influences of sex, encounter year, and banding latitude on wintering latitude, but no age or flyway effects, and there was no interaction of sex and age (Table 3) . Male kestrels wintered on average about 2u farther north (39.1 6 0.4u) than females (37.1 6 0.5u); however, this difference increased for northern nesting birds and was apparent only for birds banded at or above about 40uN latitude (Fig. 4) . Overall, wintering latitudes increased by approximately 3u of latitude for every 5u increase in banding latitude; however, female kestrels banded at or above 45uN latitude actually wintered farther south than females from mid-latitudes (Fig. 4) . Consistent with the finding for travel distances, wintering latitudes increased by an estimated 0.35u of latitude per decade.
Sharp-shinned Hawks. From 1920 From -2006 From , 1232 Sharp-shinned Hawks were banded in summer or autumn and subsequently encountered during winter. Of these, 39% (562) were banded in eastern, 46% (670) in central, and 15% (217) in western North America. Sixty-five winter encounters (5%) occurred south of the United States.
The GLM indicated a significant main effect for age (Table 1) , with AHY birds averaging roughly 40% shorter travel distances (5.6 6 0.3u) than HY birds (9.3 6 0.5u). The GLM indicated no significant main effect for sex nor the interaction between age and sex (Table 1) . Female HY birds moved nearly twice as far (10.1 6 0.47u) as AHY females (5.4 6 0.29u). Male HY birds also moved farther than AHY birds, but the difference was less than for females (Table 2 ). Migration distances declined by an average of 3u of latitude for every 5u reduction in banding latitude (Fig. 2) , with most birds banded below 30uN latitude showing either no movement or a slight northward shift during winter (Fig. 2) . Distance moved did not vary among years (Table 1) . Sharp-shinned Hawks banded in the eastern and western flyways moved similar distances south (eastern 6.9 6 0.4u; western 6.4 6 0.5u), but both moved significantly less than central birds (9.0 6 0.4u).
Sharp-shinned Hawk wintering latitudes varied by age, banding latitude, and flyway, but not by sex or encounter year, and there was no interaction of sex and age (Table 3) . AHY birds wintered approximately 4u farther north (36.3 6 0.2u) than HY birds (32.3 6 0.4u; Fig. 5 ). Central-flyway birds wintered farther south (32.7 6 0.3u) than eastern (35.0 6 0.4u) and western birds (35.2 6 0.5u).
Cooper's Hawks. From 1920 From -2006 Cooper's Hawks were banded during summer or autumn migration and subsequently encountered during winter. Of these, 48% (452) were banded in eastern, 18% (172) in central, and 33% (314) in western North America. Fifty-eight winter encounters (6%) occurred south of the United States.
Distance moved to wintering site by Cooper's Hawks varied by age, sex, flyway, and banding latitude, but not by encounter year and there was no significant interaction between age and sex (Table 1). Females moved on average 1u farther south (3.1 6 0.3u) than males (2.2 6 0.4u; Table 2 ). Distance traveled was greater for western birds compared to eastern and central birds (eastern 1.7 6 0.3u; central 2.3 6 0.4u; western 3.8 6 0.3u). Mean migration distance declined by an average of 1u of latitude for every 5u reduction in banding latitude (Table 1, Fig. 3 ).
Wintering latitude for Cooper's Hawks varied by sex, age, banding latitude, and flyway, but not by encounter year and there was no interaction between age and sex (Table 3) . Males wintered on average approximately 1u farther north (37.5 6 0.3u) than females (36.6 6 0.3u; Fig. 6 ). Western birds (35.8 6 0.3u) wintered farther south than central (37.3 6 0.4u) and eastern birds (38.0 6 0.3u). Banding and wintering latitudes were positively correlated (Fig. 6 ).
DISCUSSION
Migration distances of American Kestrels declined across years, indicating the possibility of migratory short-stopping (e.g., Holmgren and Lunkberg 1993) . This tends to support the hypothesis that global climate change may reduce migration movements (Berthold 2001). Christmas Bird Count data for North American Rough-legged Hawks (Buteo lagopus) also has shown a reduction in migration distance in recent years (Niven et al. 2010) . The number of American Kestrels wintering in Pennsylvania Conser- vation Reserve Program grasslands has increased in recent years, also suggesting that migratory shortstopping has increased in this species (Wilson et al. 2010) . Band encounters of Sharp-shinned and Cooper's hawks did not show evidence for short-stopping, despite prior research suggesting it may have occurred in some populations of Sharp-shinned Hawks (Duncan 1996 , Viverette et al. 1996 , Rosenfield et al. 2011 . The lack of detectable change may be caused in part by the variation in movement patterns among flyways and because we included autumn migrants in our analyses. In addition, we examined a longer period than used in other studies where short-stopping was suggested. With a larger sample size, we could have investigated some of the complexities of flyway and year variation more fully. For example, coastal populations in some regions may exhibit less movement than inland populations (e.g., Goodrich and Smith 2008) . As the sample of banded birds expands, such differences may more easily be explored. All three species showed evidence of chain migration. Although migration distance increased with increasing banding latitude, in most cases the relative latitudinal distribution remained similar during winter, simply shifted southward. However, female American Kestrels that summered above 45uN latitude moved much farther and wintered south of mid-latitude birds, exhibiting leapfrog migration. Leapfrog migration has been noted previously for wintering kestrels in the southern latitudes based on stable isotope analyses (Hobson et al. 2009 ); however, in this study we found that kestrels exhibit a mix of leapfrog and chain migration, depending on their nesting latitude. Moreover, our analyses revealed that only northern-latitude females showed the leapfrog pattern.
A study of Sharp-shinned Hawks in western North America also suggested that hatch-year birds are chain migrants (Smith et al. 2003) . The bandencounter data analyzed in this study corroborate this pattern and suggest it extends across age groups and continent-wide for both Sharp-shinned Hawks and Cooper's Hawks. Distance moved was greater for the more northern nesting populations of both accipiters, but not enough to suggest leapfrog migration. It is possible, however, that our inclusion of autumn migrants may cloud this conclusion. Analyses restricted to birds banded on nesting grounds will be useful in further clarifying broad-scale migration patterns in these two species. In all three species, adults migrated shorter distances and wintered farther north than immature birds. Although age differences in migration distance have been reported previously in raptors (Clark 1985 , Gauthreaux 1985 , our results showed that agerelated differential migration was much stronger among Sharp-shinned Hawks than among Cooper's Hawks, and that at best only a weak effect (statistically nonsignificant) was found among American Kestrels. Previous researchers have hypothesized that immature birds move farther south from northern summer ranges than adults, because adults exclude juveniles from areas closer to breeding latitudes (Mueller et al. 1977 , Kjellén 1990 . If this hypothesis is true, the difference observed here suggests that exclusion probabilities may vary among species.
The extent of seasonal movement varied across the continent for all three species, but patterns differed. Western-flyway birds moved farther in American Kestrels and Cooper's Hawks, although the difference was not significant for the American Kestrel. In contrast to the Cooper's Hawk, Sharp- shinned Hawks from the central flyway moved farther than eastern and western Sharp-shinned Hawks. The complex patterns observed could be due in part to the differences in species' ranges (Rosenfield and Evans 1980 , Bildstein and Meyer 2000 , Smallwood and Bird 2002 and how we pooled the data into three flyways. In the west, coastal birds often migrate shorter distances compared with inland-nesting birds (Goodrich and Smith 2008) . Harsher winters and climate conditions found in interior North America compared to eastern North America (Brown and Lomolino 1998) may drive interior birds from both the western and central portions of the continent to move earlier and farther than in the east (Goodrich and Smith 2008) . The availability of the Meso-American land corridor to southbound central and western migrants also allows central and western birds to migrate farther without crossing water compared to birds in the east. A finer division of flyways may further illuminate regional differences in distance traveled. Patterns of migration also varied among the three species, with Sharp-shinned Hawks moving farthest to wintering sites. Cooper's Hawks moved the shortest distance of the three raptors. Across all three species, birds banded at latitudes south of 35uN showed little movement, suggesting these populations may be largely resident. Differences between sexes within each species were most apparent at higher latitudes. In the accipiters, lower latitude birds (,25u) may have shown a slight northward winter movement. Southern populations moving northward during the nonbreeding season has been documented in other raptors, including western Red-tailed Hawks (Buteo jamaicensis ; Bloom 1985) and Bald Eagles (Haliaeetus leucocephalus; Buehler 2000) .
Inclusion of accipiters banded on autumn migration compromised our ability to interpret differences within and among species. This inclusion may have biased our analyses because breeding latitude was unknown for these individuals. We suggest that banding data for species with a small breedingseason sample size may not be well suited to answering questions about migratory connectivity or migration distances. Despite this, the long time-series of banding records available in North America provides unique opportunities for assessing temporal changes in migration behavior in these and other species, particularly for species where banding occurs regularly on the breeding grounds.
The American Kestrel typifies a species that is easily banded during the breeding season and is therefore well suited to analyses of migratory connectivity and migration distance using banding data. Average migration distances in this species differed between males and females, with males staying closer to breeding latitudes than females. This supported the suggestion (Smallwood and Bird 2002) that males generally winter closer to the breeding grounds than females in this species. The decrease in movement across the years studied deserves further monitoring and research in the future. Further research on raptor band-recovery data may prove useful in understanding how climate change may affect migration patterns through time.
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